Here we describe of a novel Drosophila LTR-type retrotransposon that is expressed in the embryonic CNS midline glia and in the embryonic germ cells. The element is related to the gypsy and burdock retrotransposons and was termed midline-jumper. In addition to cDNA clones generated from internal retrotransposon sequences, we have identi®ed one cDNA clone that appears to re¯ect a transposition event, indicating that the midline-jumper retrotransposon is not only transcribed but also able to transpose during Drosophila development. q
Results and discussion
In Drosophila the CNS midline is a simple set of cells comprising glial and neuronal cell lineages (Jacobs and Goodman, 1989; Kla Èmbt et al., 1991) . In order to unravel the genes controlling midline glial cell development, we collected enhancer trap insertion lines associated with midline glial speci®c b-galactosidase expression. Since expression of the lacZ reporter often mimics endogenous gene expression (Wilson et al., 1989) , analysis of these insertions may identify genes that have escaped previous phenotypic screens. One such enhancer trap insertion, rP143, directs b-Galactosidase expression in the developing midline glia (Fig. 1A±D) . Genomic DNA¯anking the rP143 P-Element insertion was isolated using an inverse PCR-approach. Sequence analysis suggested that the PElement insertion occurred in retrotransposon like middlerepetitive DNA (see below). In order to test whether this repetitive sequence was transcribed during embryogenesis we performed whole-mount in situ hybridization experiments and found a similar expression pattern as detected by the rP143 enhancer (data not shown). Subsequently, the clone rP143-1 was isolated from a cDNA library.
First expression of the rP143 RNA was detected in stage 11 in two gnathal cell clusters and cells close to the tracheal pits that is most pronounced in abdominal segments 6±8 (Fig. 1E) . At stage 12 expression in the CNS midline glia is initiated, which persists until end of embryonic development (Fig. 1F±H) . Expression in the lateral ectoderm declines at stage 12. From stage 14 onwards, additional expression is found in the proventriculus (Fig. 1H) . Faint expression was detected in the gonads (arrow in Fig. 1H ). During the third larval instar stage rP143 RNA is expressed in the ring gland (Fig. 1M) .
Sequence analysis suggested that the rP143-1 cDNA is derived from middle-repetitive DNA related to retrotransposons (Fig. 2) . To date about 29 different LTR-type retrotransposons have been described in Drosophila (http:// y.ebi.ac.uk:7081/transposons/lk/melanogaster-transposon. html). For transposition, the retroviral RNA is reverse transcribed into DNA, which then integrates into the genome. Subsequent transcription of a retrotransposon provides not only the RNA template for the DNA intermediate but also the mRNA that encodes the proteins required for transposition (Lewin, 1997) .
The retrotransposon identi®ed in this report (Accession number: AF315785) has close similarity to the burdock and gypsy elements (about 60% identity over a stretch of 2.5 kb) and was termed midline-jumper. A BLASTX search revealed high homology (probability: e 2122 ) to the predicted Drosophila gene CG2485 Rubin et al., 2000) which itself is highly related to a C. elegans gag, pol and env protein precursor. These proteins are a hallmark of retrotransposons carrying long terminal repeats (LTR) sequences. Three cDNA clones identi®ed in the Berkeley EST Project showed sequence identity to the midline-jumper retrotransposon (LP07922, CK01500, CK02441). The latter two cDNAs were isolated from a library made from rough endoplasmic reticulum-bound mRNA (Kopczynski et al., 1998) . Using the rP143 cDNA we found midline-jumper RNA localized in granular structures in the cytoplasm (Fig. 1L) . To further analyze the expression pattern of the midline-jumper retrotransposon, we generated a PCR fragment (Fig. 2) . Anti-sense probes detected a similar expression pattern as observed for the rP143 cDNA (Fig. 1I±K ). In addition, we found weak expression in the migrating germ cells (Fig. 1J, arrows) which continue to express midlinejumper until the end of embryogenesis. In the midline glia midline-jumper expression is found in characteristic cytoplasmic processes (Fig. 1J arrow heads) . Interestingly, midline-jumper sense probes detected expression in the mesoderm and in the anterior and posterior midgut anlage (Fig. 1N±Q) . No expression was found in the ectoderm (Fig.  1Q, arrow) .
The DNA-sequences of the cDNAs LP07922, CK01500 and CK02441 are co-linear with the midline-jumper DNA (Fig. 2) . In contrast, the rP143-1 cDNA sequence suggests that it is generated from a transposition event of the midlinejumper element. RNA retroviruses are typical¯anked by distinct sequence segments: R and U5 at the 5 H end and U3 and R and the 3 H end. Transposition occurs via an RNA intermediate. Here the reverse transcriptase is primed a few 100 bp downstream from the 5 H end. Following reverse transcription of the U5 and R sequences the single stranded DNA jumps to the R segment of another retroviral RNA where reverse transcription is continued. The rP143-1 sequence re¯ects this mode of transposition. The ®rst 153 bp of the cDNA clone are homologous to the 5 H end of the midline-jumper element. The following 265 bp are homologous to the LTR sequences and the remaining 876 bp are derived from sequences located within the 3 H region of the midline-jumper element (Fig. 2) .
In the Drosophila genome retrotransposons are present in copy numbers ranging from 10 to 100 (Biemont and Cizeron, 1999) . The spatial expression patterns of several retrotransposons families have been described (Brookman et al., 1992; Ding and Lipshitz, 1994; Mozer and Benzer, 1994; Bronner et al., 1995; Marsano et al., 2000) . This suggests, that the different retrotransposons carry cis-regulatory sequences interacting with host transcription factors to control their temporal and spatial expression (Cavarec and Heidmann, 1993; Cavarec et al., 1997; Wilson et al., 1998) . The CNS midline is an important organizer in¯uen-cing the development the embryonic CNS (Tanabe and Jessell, 1996; Tessier-Lavigne and Goodman, 1996) . Here we present evidence that the midline-jumper carries enhancer elements directing CNS midline speci®c gene expression, which may result in an evolutionary advantage.
Materials and methods
Riboprobes were generated using a Dig RNA-labelingmix (Boehringer Mannheim). In situ hybridization was performed according to (Tautz and Pfei¯e, 1989) . DNAsequences were determined using an ABI-Prismen310 automatic sequencer. Further experimental details are available on request. H end of the cDNA clone LP07922 corresponds to the 5 H end of the PCR fragment. A BLAST search against the sequenced Drosophila genome revealed high homology to 11 euchromatic sites as well as .7 sequence contigs presumably comprising heterochromatic sequences. midline-jumper retrotransposons were found in the genomic contigs AE003676, AE003485, AE003627, AE003651. In the genomic contigs AE003574, AE003600 and AE003116 sequence conservation is about 88%. The genomic contigs AE003424, AE003491, AE003604 and AE003636 showed only partial homologies and thus appear to carry truncated midline-jumper insertions.
